Abstract-The tensile property of carbon nanotube coated carbon fibre was studied using the tensile test measurement. The surface of the carbon fibres were coated with carbon nanotubes (CNTs) through coating process using catalyst chemical vapour deposition (CVD) apparatus. In the present investigation, ferrocene has been used as the catalyst precursor to synthesize CNT on the surface of the carbon fibre. The way in which ferrocene has been introduced into CVD during coating process, however, gives significant different in CNTs morphology which resulting different performance in tensile properties of carbon fibre reinforced polypropylene (CFPP). The strong adhesion between the CNT and carbon fibre surface improved the tensile strength and tensile modulus of the CFPP laminates approximately to 36% and 100% respectively compare to the uncoated CFPP composites.
I. INTRODUCTION
Carbon fibre composite performance can be enhanced by combining it with carbon nanotubes. However, the dispersion problem remains the main issue on the CNTs when reinforced nanocomposites. Poor dispersion of CNTs in composites limits the potential application of CNTs as reinforcement agent in composites [1] as the homogeneity of CNTs dispersion gives the major effect on the desired properties of the CNT-nanocomposites [2] .
Therefore, considerable amounts of work related to the synthesis of CNTs directly on the surface of carbon fibre substrate have been previously reported and a few reported the mechanical properties enhancement through this approach [3, 10] .
The direct growth of CNTs on surface of carbon fibre provides a remarkable reinforcement for numerous applications. Carbon fibre is not only a very strong and light weight materials, but also can withstand the extreme temperatures used in growing CNTs. Thostenson et al, [11] also stated that fibre coating is often used to modify the interfacial characteristics of carbon fibre which directly improves the mechanical behavior of the composites. The initial reports demonstrated that this approach able to enhance the interfacial bonding between carbon fibre and the matrix which resulting the remarkable enhancement in interfacial properties up to 300% [12] . Down and Baker, [13] reported that the surface area of carbon fibre can be improved until 300m 2 /g from a nominal value of about 1.0m2/g for untreated carbon fibre. Mathur et al, [14] has demonstrated the increment in flexural strength and modulus up to 75 and 54% respectively when directly growth the CNTs on different carbon fibre substrate. By directly growing the CNTs on surface of carbon fibre, it will dramatically increase the surface area of the carbon fibre; hence increase the adhesion between the carbon fibre and the matrix.
There are three main methods used for the production of carbon nanotubes: two high temperature methods which are electric arc method and laser ablation method, and a lower temperature method which is the chemical vapour deposition method (CVD). However, much attention has been put to CVD as an effective method in coating carbon fibre with CNTs. A concept of growing a uniform whisker known as carbon nanotubes (CNTs) in whiskerization process using Chemical Vapour Deposition (CVD) has shown the ability to produce high yield and high purity of CNTs which does not require a catalyst preparation step like arc discharge method or purification process after growth like laser ablation process [15, 16] . This method has been attracting massive attention due to its possibility for industrial up-scaling with low cost production [17] .
CNTs can be synthesized in different environments using a variety of growth systems with the presence of catalyst precursor. In this study, ferrocene is used as the catalyst precursor which then coated on the substrates to facilitate the growth of CNTs [18] . The growth and features of CNTs are very much dependent on the characteristics of the catalyst precursor.
A wide variety of techniques in introducing ferrocene into CVD reactor have been reported by many papers; starting from the vapour phase followed by rapid thermal decomposition within a high temperature furnace [19] . A few works reported the synthesis of CNT using two stage furnace [20] [21] [22] , co-evaporation of carbon precursor [23, 24] , liquid pulse injection [25] and spray pyrolysis [26] [27] [28] [29] technique. Overall, the methods to introduce ferrocene into the pyrolysis furnace can be devided into two; either through vapour in a 978-1-4673-5968-9/13/$31.00 ©2013 IEEE 2013 IEEE Business Engineering and Industrial Applications Colloquium (BEIAC) gas stream or by atomizing the liquid of catalyst/hydrocarbon mixture. This study focuses on the effect of ferrocene introduction technique during coating process on the tensile properties of CNT coated carbon fibre reinforced polymer composite.
II. EXPERIMENTAL

A. Surface Treatment
Two different approach of ferrocene introduction technique were used: the first approach has been described elsewhere [30] where the ferrocene is placed inside the furnace prior to reaction process. Initially, strands of carbon fibres are placed inside the quartz tube furnace. The furnace is simultaneously heated until the desired temperature obtained in an inert argon atmosphere preceding furnace purging.
Ferrocene was vaporised at 120 o C and carried into the heart of the furnace for the decomposition of iron catalyst process to take place. The reactor was cooled down to a room temperature under Ar ambient after 30 minutes. Meanwhile the second approach was demonstrated with small modifications on the first technique set up. The solution of ferrocene/benzene was prepared by dissolving the same ferrocene concentration inside 50ml of benzene. Details on the designations used for these treatment conditions are given in Table 1 . 
B. Composite Preparation
Once the carbon fibre was coated with CNT, the composites were prepared by mixing the carbon fibre with polypropylene matrix using an internal mixer Thermo Haake PolyDrive. The compounding process is carried out at 170 o C with a rotor speed of 50 rpm in 15 minutes duration. The compounded composites produced were compressed to form a sheet of composite through hot compression moulding. The sheets were then cut into dog bone shaped with a specific size following the ASTM D-638 requirement for tensile test specimens. Tensile tests were performed in all seven sets of samples using an Instron Universal Testing Machine 4302 with a load capacity of 1kN at a cross head speed of 5 mm/min. A total of five readings which produced similar test results are chosen from the overall specimen tests for each sheet and the results averaged over these five specimens.
C. CNT Characterization
All the samples prepared by both techniques have undergone the microscopic view through scanning electron microscopy (SEM) model JEOL JSM-6400 to observe the morphology and the structure of CNTs produced on the carbon fibre surface. Besides, the morphologies of tensile fracture surface of composite specimens also have been viewed under SEM.
III. RESULTS AND DISCUSSION
A. Morphological Features of CNTs Grown by Different Ferrocene Introduction Techniques
The CNT -coating carbon fibre process involved the growth of CNTs onto the surface of the carbon fibre by two different ferrocene introduction techniques using Chemical Vapor Deposition (CVD). Figure 1 and 2 represents the morphologies of CNT growth by technique 1 and 2 respectively.
B. Ferrocene inside the furnace
As for the first technique, CNT is able to grow intensively on the surface of carbon fibre at 700 o C reaction temperature. Figure 1 for example, indicates that surface of carbon fibre is totally covered with a uniform layer of CNTs. However, when high ferrocene concentration, i.e. 0.5g and 1.0g was used, the CNTs tend to growth with the presence of impurities which can be explained as amorphous carbon or extra carbonaceous carbon deposits. This can be indicated with the existence of clumpy structures in Figure 1 (b) and (c). This was due to ferrocene was totally decomposed into Fe ions to cover the carbon fibre by a layer of nanoparticles during nucleation stage before the reaction takes place. The flow of benzene which decompose into carbon atoms continuously enter the reactor during reaction time make it possible to produce amorphous carbon as showed in Figure 1 (b) and (c). This will become the disadvantage of placing the ferrocene precursor inside the CVD prior to CNT synthesis process which will turn into the growth of CNTs with the present of byproducts [31] .
C. Solution of Ferrocene/benzene Outside of the Furnace
By using the second technique, the growth of CNTs on carbon fibre surface has been improved and the surface morphology gives a contradicting observation. This can be clearly evident with the remarkable CNT surface morphology in Figure 2 compared to Figure 1 where CNT was growth smoothly on carbon fibre surface without extremely minimum amount of clumpy matter. Comparing Figure 2 with Figure 1 , dense CNTs without any sign of other carbon forms able to be produced compared to the conventional technique 1. The CNTs totally covered the carbon fibres with a network of clean CNT structure under all the experiment condition done by the second technique. In other words, maximum yield of CNTs can be produced by this technique. By dissolving the ferrocene into benzene, the fine particles of iron Fe diffused onto the carbon fibre tend to form the homogenously distributed CNT with less amorphous carbon and agglomeration of ferrocene particles. The continuous supplied of solution precursor is only used to fully coated the fibre surface with iron nanoparticles and prepare the support for CNT to grow within the reaction time. There is not much extra iron Fe left to allow the precipitation of extra carbon source and disrupting the structured of growth CNT. This will help to produce more clean and pure structure of CNT-coated carbon fibre as showed in Figure 2 . Dense CNT was able to grow like a clean carpet in Figure 2 (a) -(c) . Thus, clean CNTs could be formed and prepared a strong bond with the matrix during the composites fabrication. 
D. Effect of Ferrocene Concentration
The amount of CNTs formed on the carbon fibre substrates can be observed to be increased at 0.2g amount of ferrocene, then start to decrease at 0.5g and 1.0g ferrocene concentration as clearly shows in Figure 3 .1. It is also observed that amount of CNTs was less and impurities obviously present when using 0.5g and 1.0g ferrocene amount which apply to the first technique. Meanwhile, the surfaces of the CNTs synthesized at lower ferrocene concentration, i.e. 0.2g are cleaner than those synthesized at higher ferrocene concentration. This observation has been supported by Bai et al, [32] who synthesized aligned CNTs at lower ferrocene concentration (0.005g/ml) cleaner than high concentrations of ferrocene (0.06g/ml). This is because higher ferrocene concentration results in more Fe clusters in the furnace that can adhere to the surfaces of the already grown aligned CNTs. These clusters then become the new nucleation points for carbon clusters to grow into new CNTs, which introduces many nanolumps and branches on the already grown aligned CNTs [32] . However, CNT product in Figure 2 was almost free from carbonaceous inclusions for all conditions with 0.2 g ferrocene concentration shows densely packed CNTs followed by 0.5 and 1.0g respectively. This remarkable observation was most likely due to the technique used to introduce solution precursor into the reaction chamber which has been discussed previously. 
IV. TENSILE PROPERTIES
The CNT-coated carbon fibre reinforced polypropylene (CF/PP) composites were compared with the un-coated CF/PP composites. The tensile strength and modulus for all specimens as well as the enhancement over the neat CF/PP composites are listed in Table 2 and the graph is plotted in Fig  3. A0 is un-coated CF/PP, A1-A3 and A4-A6 are CNT-CF/PP which CNT produced by using technique 1 and 2 respectively.
A. Tensile Strength
From Table 2 , the un-coated CF/PP composite exhibited tensile strength of 20 MPa. The surface without the formation of CNT did not give a strong bond with the matrix during the fabrication of the un-coated CF/PP composite which resulting diminutive improvement in tensile strength properties. However, there is a significant increment of strength value once the CNT -coated carbon fibre is added into the virgin PP. The first technique in Figure 3 .3 for example, showed the existence of CNT on the carbon fibre surface gives the significant effect in increasing the amount of composite strength in the range of 23 to 27 MPa with 16 to 33% increment compared to the un-coated CF/PP composite. This observation is further supported by the findings obtained from the subsequent experiment, applying technique 2. The strength of the composites for technique 2 was increased almost double compared to technique 1. Meanwhile, type A4 recorded the highest strength with 33 MPa or 65% increment over the neat CF/PP composites. This is proved that the growth of CNTs on the carbon fibre surface for both technique has provide more contact points with the matrix, thus, enhancing the interfacial bond between the matrix and the carbon fibre. This will help the load to be transferred very well and delay the failure of the composite. With a new dimension of carbon fibre coating process applied in technique 2, the high density of CNT growth able to be produced with the remarkable effect on tensile strength property.
However, tensile strength value is seen monotonically decreased in the linear pattern with increasingly ferrocene weight used which applied for both techniques. This is most likely due to the existence of the carbonaceous inclusions especially in technique 1 as shows in Figure 1 (b) and (c) which caused the carbon fibre to agglomerate and not well dispersed into composites. The presence of carbonaceous impurities affected the potential adhesion between the carbon fibre and the matrix. Higher ferrocene concentration will contribute high tendency of agglomeration, thus, lowering the tensile strength value. As for second technique, the value of tensile strength is not significantly different as the amount of CNTs growth is quite similar for all coating conditions as shows in Figure 2 .
B. Tensile Modulus
As indicated in Table 2 , the modulus value for un-coated CF/PP composites exhibited 1.7 GPa. However, this value has been increased from 32 to 64% when CNT -coated CF using technique 1 is incorporated into composites with types A2 produced the highest value of modulus which is 2.8 GPa. The lowest modulus value for type A3 is most likely due to the growth of less CNT at the surface of the carbon fibre which is not very much helpful in enhancing the interfacial bond between fibre and the matrix whereby it is clearly shown that the amount of ferrocene used totally does not contribute to the enhancement of the tensile modulus property; in technique 1 of composites fabrication as depicted in Figure 4 .
Again, the value of tensile modulus showed a remarkable increased compared to the un-coated CF/PP composites when the carbon fibre treated by technique 2 is incorporated into composites. Types A4 indicated the highest increment with 109% or 3.52 GPa of modulus value followed by types A5 with 94% increment. Meanwhile, the modulus value for types A3 is still maintained higher compared to the composites fabricated from coated carbon fibre process using technique 1.
C. Fracture Surface
As can be seen in Figure 4 (a), the fibres seem to be pulled out easily when being incorporated into composites. Thus, the composites of the un-coated CF/PP composites easy to be break as the surface of the un-coated carbon fibre is very smooth and did not have good adhesion with the matrix. Therefore, the values of the tensile properties give the poor value for both tensile strength and tensile modulus. As the surface of the carbon fibre has been modified by growing the nanotubes materials by varying the way of ferrocene introduction in CNT -coated carbon fibre process, there seem to have an improvement in tensile properties as indicated in Table 2 . Figure 4 (b) refers to the fibre coated by technique 1. It is obvious to be seen there is a good adhesion between the fibre and the matrix compared to Figure 4 (a) . However, in Figure 4 (c), there seems to be a stronger adhesion between the fibre and the matrix which results higher tensile properties compared to both un-coated CF/PP and CNT-coated CF/PP via technique 1. This is most likely due to the enhancement of amount of CNT on carbon fibre surface which is produced by technique 2. 
CONCLUSION
The characteristics of deposited CNTs on the surface of carbon fibre are very much dependent on how the catalyst is introduced into the CVD reactor. The homogeneity of CNTs dispersion will directly influenced the performance of carbon fibre composites. Two different approach have been investigated resulting a significant different in characterization of CNTs as well as the nanocomposites performance. The coating process in which the solution of catalyst is introduced from outside of the furnace shows a remarkable CNTs growth evenly on carbon fibre surface without clumpy structures. This is contradict with morphology of CNTs growth with conventional technique 1 where the presence of impurities clearly seen on each samples of different treatment condition. In addition, the increase of catalyst concentration seems to produce an evidence of carbonaceous carbon deposits on carbon fibre through the implementation of technique 1 meanwhile clean CNT structures formed through technique 2. Therefore, the adhesion between the coated carbon fibre with its matrix during the mixing process will be affected by the structure of CNT coated on the carbon fibre. The uncoated carbon fibre produced poor mechanical performance. The CNT-coated CF/PP by technique 2 give a tremendous increased in tensile strength and tensile modulus which is over 65% and 109% respectively. The values are almost double compared to technique 1 where the percentage increment of both properties is 33 and 43%.
